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(57) ABSTRACT 

Disclosed are a system and method of transmitting data 
frames betWeen media independent interfaces (MIIs) in a 
bus conversion device. Data frames received at a ?rst MII 
may be formatted according to a ?rst data transmission 
protocol. Abus conversion device formats the data frame for 
forwarding to a second MII. The bus conversion device may 
transmit data frames betWeen MIIs having different associ 
ated data rates and data frame formats. 
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BUS CONVERSION DEVICE, SYSTEM AND 
METHOD 

BACKGROUND 

[0001] 1. Field 

[0002] The subject matter disclosed herein relates to trans 
mitting data according to a data transmission format. In 
particular, the subject matter disclosed herein relates to 
transmitting data betWeen different data transmission for 
mats. 

[0003] 2. Information 

[0004] Data transmission protocols typically de?ne hoW 
data is to be transmitted in a data link. For example, a data 
transmission protocol may de?ne a format for data frame to 
be transmitted as Well as data rates for transmitting data 
frames in data links. As data link communication protocols 
evolve, data communication from a source to a destination 
may include transmitting data frames on data links Which 
transmit data according to different data transmission pro 
tocols. A communication path transmitting data betWeen the 
source and destination typically comprises multiple data 
links Where different data links in the communication trans 
mit ting data frames according to different data transmission 
protocols. 

BRIEF DESCRIPTION OF THE FIGURES 

[0005] Non-limiting and non-exhaustive embodiments of 
the present invention Will be described With reference to the 
folloWing ?gures, Wherein like reference numerals refer to 
like parts throughout the various ?gures unless otherWise 
speci?ed. 

[0006] FIG. 1 shoWs an interface betWeen tWo media 
independent interfaces (MIIs) according to an embodiment 
of the present invention. 

[0007] FIG. 2 shoWs an interface to forWard data frames 
received at a Gigabit MII (GMII) to a 10 Gigabit MII 
(XGMII) according to an embodiment of the interface 
shoWn in FIG. 1. 

[0008] FIG. 3 shoWs an interface to forWard data frames 
received at an XGMII to a GMII according to an embodi 
ment of the interface shoWn in FIG. 1. 

[0009] FIG. 4 shoWs an embodiment of the present inven 
tion comprising an XGMII coupled to communicate With a 
plurality of GMIIs incorporating a GMII to XGMII interface 
as shoWn in FIG. 1. 

[0010] FIG. 5 shoWs an alternative embodiment of the 
present invention comprising an XGMII coupled to com 
municate With a plurality of GMIIs incorporating a GMII to 
XGMII interface as shoWn in FIG. 1. 

[0011] FIG. 6 shoWs an interface to forWard data frames 
from a plurality of GMIIs to a single XGMII according to 
either of the alternative embodiments shoWn in FIGS. 4 and 
4. 

[0012] FIG. 7 shoWs an interface to forWard data frames 
from a single XGMII to a plurality of GMIIs according to 
either of the alternative embodiments shoWn in FIGS. 4 and 
5. 
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DETAILED DESCRIPTION 

[0013] Reference throughout this speci?cation to “one 
embodiment” or “an embodiment” means that a particular 

feature, structure, or characteristic described in connection 
With the embodiment is included in at least one embodiment 
of the present invention. Thus, the appearances of the phrase 
“in one embodiment” or “an embodiment” in various places 
throughout this speci?cation are not necessarily all referring 
to the same embodiment. Furthermore, the particular fea 
tures, structures, or characteristics may be combined in one 
or more embodiments. 

[0014] “Logic” as referred to herein relates to structure for 
performing one or more logical operations. For example, 
logic may comprise circuitry Which provides one or more 
output signals based upon one or more input signals. Such 
circuitry may comprise a ?nite state machine Which receives 
a digital input and provides a digital output, or circuitry 
Which provides one or more analog output signals in 
response to one or more analog input signals. Such circuitry 
may be provided in an application speci?c integrated circuit 
(ASIC) or ?eld programmable gate array (FPGA). Also, 
logic may comprise machine-executable instructions stored 
in a memory in combination With processing circuitry to 
execute such machine-readable instructions. HoWever, these 
are merely examples of structures Which may provide logic 
and embodiments of the present invention are not limited in 
this respect. 

[0015] A “media independent interface” (MI) as referred 
to herein relates to an interface to receive data from source 

or transmit data to a destination in a format Which is 

independent of a particular transmission medium for trans 
mitting the data. For example, a data transceiver may 
transmit data to a transmission medium in a data transmis 
sion format in response to data received at an MII. Also, a 
data transceiver may provide data to an MII in response to 
receiving data from a transmission medium in a data trans 
mission format. A “Gigabit MII” (GMII) as referred to 
herein relates to an MII capable of receiving data from a 
source or transmitting data to a destination at a data rate of 

about one gigabit per second. A “10 Gigabit MII” (XGMII) 
as referred to herein relates to an MII capable of receiving 
data from a source or transmitting data to a destination at a 

data rate of about ten gigabits per second. HoWever, these 
are merely examples of an MII and embodiments of the 
present invention are not limited in these respects. 

[0016] An “Extended Attachment Unit Interface” as 
referred to herein relates to a data link capable of transmit 
ting data betWeen an MII and data transceiver. A 10 Gigabit 
Extended Attachment Unit Interface” (XAUI) as referred to 
herein relates to a data link capable of transmitting data 
betWeen an XGMII and a data transceiver. Other Extended 
Attachment Unit Interfaces may be de?ned for higher data 
rates such as 40 or 100 gigabits per second. 

[0017] A“data byte” as referred to herein relates to a ?xed 
quantity of data such as eight bits. A“data Word” as referred 
to herein relates to a quantity of data comprising an integer 
number of related data bytes. HoWever, these are merely 
examples of a data byte and data Word, and embodiments of 
the present invention are not limited in these respects. 
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[0018] A “data frame” as referred to herein relates to a 
quantity of data that may be transmitted from a source to a 
destination according to a data transmission protocol. For 
example, a data frame may comprise data to be transmitted 
from a source to a destination in a data link according to a 
data link layer protocol. A data frame may be associated With 
a siZe that is based upon a quantity of data such as, for 
example, a number of data bytes in the data frame. HoWever, 
this is merely an example of a data frame and embodiments 
of the present invention are not limited in this respect. 

[0019] A data frame may be transmitted as a sequence of 
data bytes that are to be processed in the sequence at a 
destination. In one or more leading bytes of such a sequence 
of bytes, a data frame may comprise a “start code” as a 
symbol indicating the beginning of a data frame. Also, one 
or more of the trailing data bytes in such a sequence of data 
bytes may comprise “terminate code” as a symbol indicating 
the end of a data packet. HoWever, these are merely 
examples of a start code and terminate code, and embodi 
ments of the present invention are not limited in these 
respects. 
[0020] A data frame may also be formatted for transmis 
sion from a source to a destination according an Ethernet 
protocol as provided in versions of the IEEE standard 802.3. 
Such an Ethernet data frame comprises ?elds including 
address ?elds to provide an “Ethernet address” for each of 
a destination and a source. This Ethernet address may also 
be knoWn as a physical address, hardWare address, or MAC 
address. Upon receipt of an Ethernet frame, a device may 
compare the destination address of the frame With a physical 
address associated With the device. If the destination address 
matches that of the receiving device, the device may read 
and deliver the entire data frame. 

[0021] A“media access control” (MAC) device as referred 
to herein relates to a device enabling access a transmission 
medium to transmit or receive data. A MAC device may be 
coupled to an MII to enable a client process to transmit or 
receive data frames through a transmission medium. Also, a 
MAC device may be associated With an Ethernet address to 
receive and forWard data frames having the associated 
Ethernet address. HoWever, these are merely examples of a 
MAC device and embodiment of the present invention are 
not limited in these respects. 

[0022] An “optical transmission medium” as referred to 
herein relates to a transmission medium that is capable of 
transmitting light energy in an optical signal Which is 
modulated by a data signal that is recoverable by demodu 
lating the optical signal. For example, an optical transmis 
sion medium may comprise ?ber optic cabling coupled 
betWeen a transmitting point and a receiving point. HoW 
ever, this is merely an example of an optical transmission 
medium and embodiments of the present invention are not 
limited in this respect. 

[0023] A “backplane” as referred to herein relates to a 
system level circuit board that is capable of being coupled to 
one or more subsystem level circuit boards. For example, a 
backplane may comprise one or more sockets as “backplane 
interfaces” for integrating subsystem circuit boards or 
expansion cards. A backplane interface may also couple a 
backplane to an external transmission medium. HoWever, 
these are merely examples of a backplane and backplane 
interface, and embodiments of the present invention are not 
limited in these respects. 
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[0024] Brie?y, an embodiment of the present invention is 
directed to a method and apparatus to transmit data frames 
betWeen a ?rst MII and a second MII. The ?rst MII may 
determine the siZe of the received data frame to enable the 
second MII to provide the received data frame to a desti 
nation. HoWever, this is merely an example embodiment and 
other embodiments of the present invention are not limited 
in this respect. 

[0025] FIG. 1 shoWs an interface 12 betWeen tWo MIIs. A 
Gigabit MII (GMII) comprises a transmit interface 18 and a 
receive interface 20 While a 10 Gigabit MII (XGMII) 
comprises a transmit interface 14 and a receive interface 16. 
The transmit and receive interfaces 18 and 20 may be 
formed according to IEEE standard 802.32 or 802.3-2000, 
clause 35 While the transmit and receive interface 14 and 16 
may be formed according to IEEE P802.3ae, clause 46. The 
interface 12 may comprise an application speci?c integrated 
circuit (ASIC) or a ?eld programmable gate array (FPGA) 
circuit. HoWever, these are merely examples of hoW a bus 
conversion device may be implemented in logic and 
embodiments of the present invention are not limited in 
these respects. 

[0026] In one embodiment, the interfaces 18 and 20 may 
be coupled to a MAC device (not shoWn) adapted to transmit 
data to or receive data from the interface 12 according to 
IEEE standard 802.3-2000. Alternatively, the interfaces may 
be coupled to a device comprising a physical coding sub 
layer (PCS) (not shoWn) for transmitting data to or receiving 
data from a category 5 cable according to IEEE standard 
8023-2000, clause 40. However, these are merely examples 
of devices that may coupled to communicate With a GMII 
and embodiments of the present invention are not limited in 
this respect. 

[0027] The transmit and receive interfaces 14 and 16 may 
be coupled to any one of several devices to transmit data to 
a destination or receive data from a source. In one embodi 

ment, the interfaces 14 and 16 may be coupled to a physical 
layer device comprising physical medium attachment 
(PMA) and physical medium dependent (PMD) and physical 
coding sublayer (PCS) sections to communicate With an 
optical transmission medium according to IEEE P802.3ae, 
clauses 48 through 51. In another embodiment, the inter 
faces 14 and 16 may be coupled to a MAC (not shoWn) to 
transmit data betWeen the XGMII and an I/O system such as 
a sWitch fabric or multiplexed data bus. Alternatively, the 
interfaces may be coupled to an XGMII extended sublayer 
(XGXS) circuit (not shoWn) to provide a 10 Gigabit Attach 
ment Unit Interface (XAUI) according to IEEE P802.3ae, 
clause 47. HoWever, these are merely examples of hoW an 
XGMII may communicate With devices and embodiments of 
the present invention are not limited in these respects. 

[0028] FIG. 2 shoWs an interface 50 to forWard data 
frames received at a GMII to an XGMII according to an 
embodiment of the interface 12 shoWn in FIG. 1. A GMII 
transmit state machine 52 receives sequentially clocked byte 
Wide data 78 of a received data frame in response to an 
enable signal GMII_TXEN. Registers 56 and 58 each com 
prise sixty-four bits to receive eight of the received data 
bytes. A multiplexer 54 alternates loading registers 56 and 
58 With the received data bytes to enable the data from one 
register to be Written to a ?rst-in-?rst-out (FIFO) buffer 72 
While received data bytes are being loaded to the other 
register. 
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[0029] The GMII transmit state machine 52 may also 
determine the siZe of the received data frame by counting the 
number of bytes received as byte Wide data 78. The GMII 
transmit state machine 52 may determine the start of a data 
frame by, for example, detecting a transition in the signal 
GMII_TX_EN from “0” to “1.” All data bytes received as 
byte Wide data 78 may then be counted until detecting a 
transition in the signal GMII_TX_EN from “1” to “0” 
indicating the end of the frame. The resulting byte count may 
then be stored in a buffer 62 associated With the data frame 
stored in the buffer 72. Alternatively, the GMII transmit state 
machine 52 may store the byte count in the buffer 72 in 
association With the stored data frame. HoWever, these are 
merely examples hoW the siZe of a received data frame may 
be determined and recorded, and embodiments of the 
present invention are not limited in these respects. 

[0030] The buffer 72 provides the stored data frames as 
multi-byte Words having eight bytes each in response to 
requests from an XGMII transmit state machine 66. The 
XGMII transmit state machine 66 also controls multiplexers 
64 and 70 in response to the detection of a start of a data 
frame (read out from the buffer 72) and an end of the data 
frame. The XGMII transmit state machine 66 may detect the 
start of a data frame by, for example, detecting siZe infor 
mation (e.g., byte count) being Written to the buffer 62 or 
detecting changes in siZe information (e.g., byte count) the 
buffer 72. At the start the data frame, the XGMII transmit 
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byte Word. Table 1 beloW shoWs the format of the last 
multi-byte Word including a terminate code based upon the 
number of remaining data frame bytes in the last multi-byte 
Word. 

[0032] The XGMII transmit state machine 66 may deter 
mine the end of a data frame (read out as 64 bit Words) by 
decrementing a byte count When each multi-byte Word is 
read out from the buffer 72 (e.g., by eight in the presently 
illustrated embodiment of sixty-four bit Words). The XGMI 
transmit state machine 66 may also determine control codes 
to be inserted into XGMII_TXCJ7:0] in response to detec 
tion a start and end of a data frame. When there are no data 
frames in the buffer 72 to transmit through the XGMII, the 
multiplexer 70 may output an idle control code of 
8‘b11111111 and the multiplexer 64 may output value 
64‘h0707070707070707 in response to an asserted idle_en 
signal. As discussed above, upon detection of the start of a 
data frame at the XGMII transmit state machine 66 and 
de-assertion of the idle_en signal, the multiplexer 70 may 
output the control code 8‘b00000001. BetWeen the start and 
terminate conditions, the multiplexer 70 may output 
8‘00000000 to indicate that data is present. When the XGMII 
transmit state machine 66 determines that the remaining 
bytes in the data frame in the buffer 72 are feWer than a 
complete multi-byte Word (e.g., feWer than eight bytes in the 
presently illustrated embodiment), the multiplexer 70 out 
puts control code XGMII_TXCJ7:0] based upon the 
remaining bytes as shoWn in Table 1. 

TABLE 1 

trailing vytes of data frame in last 8-byte Word XGMIIiTXD[63:O] XGMIIiTXC[7:O] 

07070707070707FD 8'b11111111 
O70707070707FDxx 8'b11111110 
O707070707FDxxxx 8'b11111100 
O7070707FDxxxxxx 8'b11111000 
O70707FDxxxxxxxx 8'b11110000 
O707FDxxxxxxxxxx 8'b11100000 
O7FDxxxxxxxxxxxx 8'b11000OOO 
FDxxxxxxxxxxxxxx 8'b1000OOOO 

state machine 66 may de-assert signal idle_en to cause the 
multiplexer 64 to begin transmitting the multi-byte Words 74 
read out from the buffer 72 and the multiplexer 70 to 
transmit a control code 8‘b00000001 on bytes XGMI 

I_TXCJ7:0]. An XGMII decoder 68 provides a control 
code on signal txc_delayed[7:0] through the multiplexer 70 
in response to a leading or trailing multi-byte Word XGMI 
I_TXD_d[63:0] being transmitted from the multiplexer 64. 
In one embodiment, a start code of “FB” may be inserted as 
the leading byte of the data frame Which is stored in the 
buffer 72 such that the start code is the leading byte of the 
frame outputted on XGMII_TXD_d[63:0]. 

[0031] According to an embodiment, the GMII transmit 
state machine 52 may insert a start or terminate code into 
registers 56 or 58 to indicate the beginning or ending of a 
data frame. When the GMII transmit state machine 52 
determines that the remaining bytes of a data frame to be 
loaded in the buffer 72 are feWer than a complete multi-byte 
Word (e.g., feWer than eight bytes in the presently illustrated 
embodiment), a terminate code “FD” is inserted into the last 
multi-byte Word read out to XGMII_TXD_d[63:0] folloWed 
by an idle code “07” in each remaining byte of the multi 

[0033] In the presently illustrated embodiment, the mul 
tiplexer 64 provides the output 74 as sequentially clocked 
sixty-four bit Words and the multiplexer 70 provides the 
output 76 as sequentially clocked eight bit bytes. In this 
embodiment, latching circuitry (not shoWn) may be used 
partition the sixty-four bit output 74 into thirty-tWo bit 
Words, and partition the eight bit output 76 into four bit 
quantities to provide a XGMII compliant output. Alterna 
tively, GMII transmit state machine 52 and buffer 72 may 
store portions of received data frames as thirty-tWo bit 
Words. The multiplexer 64 may then readout the output 74 
as thirty bit Words at about tWice speed of reading out the 
sixty-four bit Words in the aforementioned embodiment. 
Similarly, the multiplexer 70 and XGMII transmit state 
machine 66 may provide four bit control codes in the output 
76 synchroniZed With the thirty-tWo bit output. 

[0034] FIG. 3 shoWs an interface to forWard data frames 
received at an XGMII to a GMII according to an embodi 
ment of the interface 12 shoWn in FIG. 1. A data frame is 
received at an XGMII as sequentially clocked sixty-four bit 
input Words 106 Which are stored in a FIFO buffer 124. A 
multiplexer 104 may then read out the stored data frame as 
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sequentially clocked eight bit output 116 as GMII_RXD 
[7:0] to a GMII. An XGMII decode section 108 also receives 
the input Words 106 to detect a start code (e.g., “FB”) in a 
?rst byte of the received data frame and a terminate code 
(e.g., “FD”) in a last byte of the received data frame. The 
XGMII decode section 108 may provide start and terminate 
signals to an XGMII receive state machine 110 in response 
to detecting the start and termination codes. The start and 
terminate signals may enable the XGMII receive state 
machine 110 to determine the siZe (e.g., number of eight bit 
bytes) of the received data frame by counting the number of 
eight bit bytes in the received data frame. The XGMII 
receive state machine 110 may do this by, for example, 
determining a difference in time betWeen receipt of the start 
signal and the terminate signal. HoWever, this merely an 
example of hoW the siZe of a data frame received at an 
XGMII may be determined and embodiments of the present 
invention are not limited in this respect. 

[0035] Upon determining the siZe of the received data 
frame, the XGMII receive state machine 110 may Write siZe 
information as the number of received bytes in a buffer 112 
in association With the received data frame stored in the 
buffer 124. Alternatively, XGMII receive state machine 110 
may store the siZe of the received data frame With the 
received data bytes in the buffer 124. HoWever, these are 
merely examples of hoW the siZe of a data frame may be 
stored in association With data frame bytes and embodiments 
of the present invention are not limited in these respects. 

[0036] According to an embodiment, a multiplexer 104 
outputs byte portions of the data frame stored in the buffer 
124 in response to a byte_en[2:0] signal from a GMII 
receive state machine 102. The multiplexer 104 may receive 
the stored data frame in multi-byte Wide quantities (e.g., 
sixty four bit Words) and output the data frame as sequen 
tially clocked eight bit bytes GMII_RXD[7:0]. In the illus 
trated embodiment, the input data to the multiplexer 104 
may be re?lled every eight clock cycles of the GMII as data 
is presented to the multiplexer 104 directly from the buffer 
124. Concurrently With the output of the stored data frame 
as eight bit bytes GMII_RXD[7:0], the GMII receive state 
machine 102 may assert the signal GMII_RXDV to indicate 
detection of an error in data received at the XGMII (e.g., in 
response to an error control code received at XGMIIiRXC 
[710]). Such an error condition may be detected by the 
XGMII receive state machine 110 and indicate such an error 
condition by setting a bit in the buffer 112 or buffer 124 in 
association With the received data frame stored in the buffer 
124. In response to the indication of the error condition, the 
GMII receive state machine 102 may inhibit forWarding of 
the stored data frame through the multiplexer 104 by skip 
over the bytes of the stored data frame in the buffer 124. 

[0037] According to an embodiment, the XGMII receive 
state machine 110 may detect error conditions on a received 

data frame by sensing an XGMII_RXC[7:0] bit set during a 
frame transmission (framed by START and TERMINATE) 
While the corresponding byte in XGMII_RXD[63:0] is not 
the START, TERMINATE or IDLE code. In this condition, 
the XGMII receive state machine 110 may be signaled by the 
XGMII decode section 108 set the aforementioned error bit 
in either buffer 112 or buffer 124. An interpacket error may 
also be detected by the XGMII decode section 108 by a 
XGMII_RXC[7:0] bit set during idle time (framed by TER 
MINATE and START codes), While the corresponding 
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XGMII_RXD[63:0] byte is not the START, TERMINATE, 
or IDLE code. This condition may be ignored. In addition, 
if XGMII_RXC[7:0] indicates data (by being 0 in any bit), 
then that data may be ignored since this Would precede 
detection of the START code. 

[0038] According to an embodiment, the three bit signal 
byte_en[2:0] selects a particular byte (out of a possible eight 
bytes in the presently illustrated embodiment) to be output 
by the multiplexer 104. Also, the GMII receive state 
machine 102 may determine the last byte of the stored data 
frame to be transmitted based upon the siZe information 
stored by the XGMII receive state machine 110 as discussed 
above. For example, the GMII receive state machine 102 
may decrement a byte count Which is stored in either the 
buffer 112 or 124 associated With the stored data frame. 
Upon determining the last byte in the data frame, the GMII 
receive state machine 102 may provide a value for the signal 
byte_en[2:0] to skip over the terminate code in the stored 
data frame (e.g., “FD”) and de-assert the signal GMI 
I_RXER folloWing transmission of the last byte prior to the 
terminate code. 

[0039] FIGS. 4 and 5 shoW systems incorporating a GMII 
to XGMII interface according to the interface 12 shoWn in 
FIG. 1. In FIG. 4, an XGMII to GMII interface 126 is 
coupled to transmit data betWeen a 10 Gigabit Attachment 
Unit Interface (XAUI) data link 130 (coupled to the inter 
face 126 at an XGMII) and a plurality of GMIIs 128. In the 
illustrated embodiment, the XAUI data link 130 may extend 
across a printed circuit board or backplane to provide a serial 
link betWeen an external attachment and GMII compatible 
devices coupled to the GMIIs 128. 

[0040] The XAUI data link 130 comprises a ?rst XGMII 
Extended Sublayer (XGXS) device 134 coupled to an 
XGMII on the interface 126 and a second XGXS device 135 
coupled to a data transceiver 132 as provided in the IEEE 
standard 802.3ae, clause 47. It should be understood, hoW 
ever, that other extended sublayer devices may be used to 
support physical transmissions protocols for increased data 
rates including, for example, 40 or 100 gigabit Ethernet 
formats. The ?rst and second XGXS devices 134 and 135 
may be coupled on a printed circuit board by traces extend 
ing up to approximately 50 cm. The data transceiver 132 
may comprise a physical coding sublayer (PCS) portion, 
physical media attachment (PMA) portion and a physical 
media dependent (PMD) portion to transmit or receive data 
from an optical transmission medium through a media 
dependent interface (MDI) as provided in the IEEE standard 
803.3ae, clauses 49 through 52. 

[0041] In this embodiment, a GMII 128 may be coupled to 
any on of several devices capable of communicating through 
a GMII including, for example, a MAC device or data 
transceiver comprising PCS and PMA portions to commu 
nicate over an transmission medium. HoWever, these are 
merely examples of devices that may be coupled to a GMII 
and embodiments of the present invention are not limited in 
these respects. 

[0042] In FIG. 5, an XGMII to GMII interface 136 is 
coupled to transmit data betWeen a data transceiver 142 and 
a plurality of MAC devices 140 (coupled to GMIIs 138) 
enabling a plurality of independent devices to transmit and 
receive data through a common XGMII. In one application, 
the MAC devices 140 enable multiple netWork clients in a 
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local area network (LAN) to use the common XGMII. 
However, these are merely examples of hoW multiple MACs 
may be employed for communicating in a common XGMII 
and embodiments of the present invention are not limited in 
these respects. 

[0043] FIGS. 6 and 7 shoW an interface to forWard data 
frames betWeen an XGMII and a plurality of GMIIs accord 
ing to either alternative embodiments of the present inven 
tion shoWn in FIGS. 4 and 5. FIG. 6 shoWs an interface to 
forWard data frames from a plurality of GMIIs 178 to a 
single XGMII according to an embodiment of the interface 
126 or 136 shoWn in FIGS. 4 and 5. Each of the GMIIs 178 
comprise a buffer 172 to store data frames received as 
sequentially clocked eight bit bytes at a GMII transmit state 
machine 152 as discussed above With reference to FIG. 2. 
The GMII transmit state machine 152 may also determine 
the siZe of the received data frame by counting the received 
data bytes While the signal GMII_TX_EN is asserted also as 
discussed With reference to FIG. 2. 

[0044] The XGMII may read out data frames from the 
buffers 172 through a multiplexer 180 as sequentially 
clocked sixty four bit Words. While each of the GMIIs 178 
may independently receive data frames to be stored in an 
associated buffer 172, an XGMII transmit state machine 166 
may control the selection of GMII interfaces 178 to provide 
the stored data frames. In the illustrated embodiment, the 
XGMII transmit state machine 166 selects to receive an 
entire data frame from a GMII 178 before selecting to 
receive any portion of a data frame from a subsequent GMII 
178. The XGMII transmit state machine 166 may select a 
GMII 178 to commence forWarding a data frame (from an 
associated buffer 172) from among only those GMIIs 178 
having a complete date frame stored in the associated buffer 
172. Accordingly, upon completion of reading out a data 
frame from a GMII 178, the XGMII transmit state machine 
166 may select a subsequent GMII 178 (having a complete 
data frame stored in its associated buffer 172) to commence 
providing a data frame to the multiplexer 180 by asserting 
the signal ?fo_read on a bus 182. 

[0045] As discussed above With reference to FIG. 2, the 
GMIIs 178 may maintain a byte count in a buffer 162 Which 
is accessible by the XGMII transmit state machine 166 When 
reading out data frames. The XGMII transmit state machine 
166 may determine the end of a data frame (read out as 64 
bit Words) by decrementing the byte count as each multi 
byte Word is read out from a buffer 172. When the XGMII 
transmit state machine 166 determines that the remaining 
bytes in the data frame in the buffer 72 are feWer than a 
complete multi-byte Word, a terminate code “ED” is inserted 
into the last multi-byte Word read out to XGMII_TXD_d 
[63:0] folloWed by an idle code “07” in each remaining byte 
of the multi-byte Word. Table 1 above shoWs a format for the 
trailing bytes to be inserted in the sixty four bit Word based 
upon the number of remaining data frame bytes in the last 
multi-byte Word. 

[0046] The XGMI transmit state machine 166 may also 
determine error codes to be inserted into XGMII_TXCi 
[7:0] (as discussed above With reference to FIG. 2) in 
response to detection a start and end of a data frame. When 
the XGMII transmit state machine 166 determines that the 
remaining bytes in the data frame in the buffer 72 are feWer 
than a complete multi-byte Word (e.g., feWer than eight bytes 
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in the presently illustrated embodiment), the multiplexer 70 
outputs an error code XGMII_TXCi[7:0] based upon the 
remaining bytes as shoWn in Table 1. 

[0047] FIG. 7 shoWs an interface to forWard data frames 
from a single XGMII to a plurality of GMIIs 278 according 
to an embodiment of the interface 126 or 136 shoWn in 

FIGS. 4 and 5. In the presently illustrated embodiment, an 
XGMII 280 comprises an XGMII receive state machine 210 
to forWard received data frames to selected GMIIs 278. The 
XGMII receive state machine 210 may forWard received 
data frames to the GMIIs 278 using any one of several 
routing schemes such as, for example, a round robin scheme, 
TCP/IP routing scheme to route speci?c IP data gram to a 
given interface or an Ethernet address Where the XGMII 280 
is associated With multiple address (each address corre 
sponding to one of the GMIIs 278). HoWever, these are 
merely examples of hoW an XGMII may route received data 
frames among multiple GMIIs and embodiments of the 
present invention are not limited in these respects. 

[0048] In one embodiment, each of the GMIIs 278 is 
associated With a unique Ethernet address such that the 
XGMII receive state machine 210 may route received data 
frames to a corresponding destination GMII 278 based upon 
a destination Ethernet address in the data frame. The XGMII 
receive state machine 210 may maintain a record or table 
associating each of the GMIIs 278 With its Ethernet address. 
The XGMII 280 may build this table or record by for each 
GMII 278, for example, receiving an initial egress data 
frame from the GMII 278 and associating a source Ethernet 
address of the initial data frame With the GMII 278. The 
XGMII receive state machine 210 may then route subse 
quent ingress data frames to the GMII 278 based upon an 
association of the destination Ethernet address of the ingress 
data frames With the Ethernet address associated With the 
GMII 278. 

[0049] As discussed above With reference to FIG. 3, a 
data frame is received at the XGMII 280 as sequentially 
clocked sixty four bit input Words Which are stored in a FIFO 
buffer 224 of a selected destination GMII 278. A multiplexer 
204 of the selected GMII 278 may then read out the stored 
data frame as sequentially clocked eight bit output GMI 
I_RXD[7:0]. An XGMII decode section 208 also receives 
the input Words to detect a start code (e.g., “FB”) in a ?rst 
byte of the received data frame and a terminate code (e.g., 
“FD”) in a last byte of the received data frame. The XGMII 
decode section 208 may provide start and terminate signals 
to the XGMII receive state machine 210 in response to 
detecting the start and termination codes. The start and 
terminate signals enable the XGMII receive state machine 
210 to determine the siZe (e.g., number of eight bit bytes) of 
the received data frame by counting the number of eight bit 
bytes in the received data frame. 

[0050] Upon determining the siZe of the received data 
frame, the XGMII receive state machine 210 may Write the 
siZe information as the number of received bytes in a buffer 
212 of the selected GMII 278 in association With the 
received data frame. Alternatively, XGMII receive state 
machine 210 may store the siZe of the received data frame 
With the received data bytes in the buffer 224 of the selected 
destination GMII 278. 
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[0051] A multiplexer 204 of the selected destination GMII 
278 outputs byte portions of the data frame stored in the 
buffer 124 in response to a byte_en[2:0] signal from a GMII 
receive state machine 202 While the signal GMII_RXDV is 
asserted. The GMII receive state machine 202 may deter 
mine the last byte of the stored data frame to be transmitted 
based upon the siZe information stored by the XGMII 
receive state machine 210. Upon determining the last byte in 
the data frame, the GMII receive state machine 202 may 
provide a value for the signal byte_en[2:0] to skip over the 
terminate code in the stored data frame (e.g., “FD”) and 
de-assert the signal GMII_RXDV folloWing transmission of 
the last byte prior to the terminate code. 

[0052] While there has been illustrated and described What 
are presently considered to be eXample embodiments of the 
present invention, it Will be understood by those skilled in 
the art that various other modi?cations may be made, and 
equivalents may be substituted, Without departing from the 
true scope of the invention. Additionally, many modi?ca 
tions may be made to adapt a particular situation to the 
teachings of the present invention Without departing from 
the central inventive concept described herein. Therefore, it 
is intended that the present invention not be limited to the 
particular embodiments disclosed, but that the invention 
include all embodiments falling Within the scope of the 
appended claims. 

What is claimed is: 
1. An apparatus comprising: 

a ?rst MII to receive a data frame comprising a plurality 
of bytes; and 

a second MII to transmit the received data frame to a 
destination, and to insert one or more trailing bytes in 
a multi-byte Word transmitting a tail portion of the 
received data frame prior to transmission to the desti 
nation, Wherein the trailing bytes comprise a terminate 
code and the number of trailing is based upon a siZe of 
the received data frame. 

2. The apparatus of claim 1, Wherein the ?rst MII com 
prises a byte Wide input to receive the data frame in 
sequentially clocked bytes, and Wherein the apparatus fur 
ther comprises a buffer to store the data frame upon receipt 
at the ?rst MII and provide the stored data frame to the 
second MII in sequentially clocked Words comprising four 
or more bytes. 

3. The apparatus of claim 1, Wherein the ?rst MII com 
prises a Gigabit MII and the second MII comprises a 10 
Gigabit MII. 

4. The apparatus of claim 1, Wherein the ?rst MII com 
prises a byte counter to determine the siZe of the received 
data frame based upon a count of the number of bytes in the 
received data frame. 

5. A method comprising: 

receiving a data frame comprising a plurality of data bytes 
at a ?rst MII; 

storing the received data frame as one or more multi-byte 

Words; 

transmitting the multi-byte data Words to a destination 
through a second MII; and 
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inserting one or more trailing bytes in a multi-byte Word 
comprising a tail portion of the received data frame 
prior to transmission to the destination, Wherein the 
trailing bytes comprise a terminate code and the num 
ber of trailing is based upon a siZe of the received data 
frame. 

6. The method of claim 5, the method further comprising: 

receiving the data frame at the ?rst MII at a byte Wide 
input as sequentially clocked data bytes; 

storing the sequentially clocked data bytes in a buffer; and 

providing the stored data frame to the second MII in 
sequentially clocked Words comprising four or more 
bytes. 

7. The method of claim 5, Wherein the ?rst MII comprises 
a Gigabit MII and the second MII comprises a 10 Gigabit 
MII. 

8. The method of claim 5, the method further comprising 
counting the data bytes in the received data frame to 
determine the siZe of the data frame. 

9. An apparatus comprising: 

a ?rst MII to receive a data frame comprising a plurality 
of bytes, the data frame comprising a terminate code in 
one or more trailing bytes; and 

a second MII to transmit the received data frame from a 
buffer to a destination, and to inhibit transmission of the 
terminate code from the buffer based upon a siZe of the 
received data frame. 

10. The apparatus of claim 9, Wherein the ?rst MII 
comprises an input to receive the data frame as sequentially 
clocked Words comprising four or more bytes, and Wherein 
the apparatus further comprises a buffer to store the data 
frame upon receipt at the ?rst MII. 

11. The apparatus of claim 9, Wherein the ?rst MII 
comprises a 10 Gigabit MII and the second MII comprises 
a Gigabit MII. 

12. The apparatus of claim 9, Wherein the ?rst MII 
comprises a byte counter to determine the siZe of the 
received data frame in response to a start code and terminate 
code in the received data frame. 

13. A method comprising: 

receiving data frame comprising a plurality of bytes at a 
?rst MII, the data frame comprising a terminate code in 
one or more trailing bytes; 

storing the received data frame in a buffer; 

transmitting the stored data frame from a second MII to a 
destination; and 

inhibiting transmission of the terminate code from the 
buffer based upon a siZe of the received data frame. 

14. The method of claim 13, the method further compris 
ing receiving the data frame at the ?rst MII as sequentially 
clocked Words comprising four or more bytes. 

15. The method of claim 13, Wherein the ?rst MII 
comprises a 10 Gigabit MII and the second MII comprises 
a Gigabit MII. 

16. The method of claim 13, the method further compris 
ing counting the bytes in the data frame received at the ?rst 
MII to determine the siZe of the received data frame in 
response to a start code and terminate code in the received 
data frame. 
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17. A system comprising: 

XGMII to transmit and receive data frames; 

a plurality of MAC devices, each MAC device being 
associated With an Ethernet address, each MAC device 
being coupled to an associated GMII to transmit data 
frames to and receive data frames from the XGMII; and 

a bus conversion device to select a MAC device to receive 
a data frame from the XGMII according to an associa 
tion of a destination Ethernet address in the data frame 
and the Ethernet address of the selected MAC device. 

18. The system of claim 17, Wherein the system further 
comprises a data transceiver to transmit data frames betWeen 
the XGMII and an optical transmission medium. 

19. The system of claim 18, Wherein the data transceiver 
further comprises a physical media attachment (PMA) por 
tion and the system further comprises an optical transceiver 
coupled to the PMA. 

20. The system of claim 17, Wherein the bus conversion 
device further comprises: 

logic to forWard a data frame received from a GMII to the 
XGMII in sequentially clocked multi-byte data Words; 

logic to insert one or more trailing bytes in a multi-byte 
Word transmitting a tail portion of the received data 
frame to the XGMII, Wherein the trailing bytes com 
prise a terminate code and the number of trailing is 
based upon a siZe of the received data frame. 

21. The system of claim 20, Wherein each GMII com 
prises a byte Wide input to receive a data frame in sequen 
tially clocked bytes, and Wherein the bus conversion device 
further comprises a buffer to store the data frame upon 
receipt at the GMII and provide the stored data frame to the 
XGMII in sequentially clocked Words comprising four or 
more data bytes. 

22. The system of claim 20, Wherein the bus conversion 
device further comprises a byte counter to determine the siZe 
of the received data frame based upon a count of the number 
of bytes in the received data frame. 

23. The system of claim 17, Wherein the bus conversion 
device further comprises: 

logic to forWarding a data frame received at the XGMII to 
a GMII as sequentially clocked data bytes, the data 
frame comprising a terminate code in one or more 
trailing bytes; and 

logic to inhibit transmission of the terminate code from 
the GMII based upon a siZe of the received data frame. 

24. The system of claim 23, Wherein the XGMII com 
prises an input to receive the data frame as sequentially 
clocked Words comprising four or more bytes, and Wherein 
the bus conversion device further comprises a buffer to store 
the data frame upon receipt at the ?rst XGMII. 

25. The system of claim 23, Wherein the bus conversion 
device further comprises a byte counter to determine the siZe 
of the received data frame in response to a start code and 
terminate code in the received data frame. 
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26. A system comprising: 
a XAUI data link to transmit data frames to and received 

data frames from an XGMII; 

a plurality of GMIIs to transmit data frames to and receive 
data frames from the XGMII, each GMII being asso 
ciated With an Ethernet address; and 

a bus conversion device to select a GMII to receive a data 
frame from the XGMII according to an association of 
a destination Ethernet address in the data frame and the 
Ethernet address of the selected GMII. 

27. The system of claim 26, Wherein the XAUI data link 
further comprises a ?rst XGXS coupled to the XGMII and 
a second XGXS coupled to a backplane interface. 

28. The system of claim 26, Wherein the system comprises 
at least one MAC device coupled to one of the GMIIs. 

29. The system of claim 26, Wherein the system further 
comprises at least one data transceiver coupled to one of the 
GMIIs, the data transceiver comprising a physical coding 
sublayer portion and a physical media attachment portion. 

30. The system of claim 26, Wherein the bus conversion 
device further comprises: 

logic to forWard a data frame received from a GMII to the 
XGMII in sequentially clocked multi-byte data Words; 

logic to insert one or more trailing bytes in a multi-byte 
Word transmitting a tail portion of the received data 
frame to the XGMII, Wherein the trailing bytes com 
prise a terminate code and the number of trailing is 
based upon a siZe of the received data frame. 

31. The system of claim 30, Wherein each GMII com 
prises a byte Wide input to receive a data frame in sequen 
tially clocked bytes, and Wherein the bus conversion device 
further comprises a buffer to store the data frame upon 
receipt at the GMII and provide the stored data frame to the 
XGMII in sequentially clocked Words comprising four or 
more data bytes. 

32. The system of claim 30, Wherein the bus conversion 
device further comprises a byte counter to determine the siZe 
of the received data frame based upon a count of the number 
of bytes in the received data frame. 

33. The system of claim 26, Wherein the bus conversion 
device further comprises: 

logic to forWarding a data frame received at the XGMII to 
a GMII as sequentially clocked data bytes, the data 
frame comprising a terminate code in one or more 
trailing bytes; and 

logic to inhibit transmission of the terminate code from 
the GMII based upon a siZe of the received data frame. 

34. The system of claim 23, Wherein the XGMII com 
prises an input to receive the data frame as sequentially 
clocked Words comprising four or more bytes, and Wherein 
the bus conversion device further comprises a buffer to store 
the data frame upon receipt at the XGMII. 

35. The system of claim 23, Wherein the bus conversion 
device further comprises a byte counter to determine the siZe 
of the received data frame in response to a start code and 
terminate code in the received data frame. 

* * * * * 


